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(57) ABSTRACT 

A method of fabricating a semiconductor device including: 
a first step of bonding a conductive wire to any one of a 
plurality of electrodes of a semiconductor chip; a second 
step of tearing off the bonded conductive wire in such a 
manner that a part remains on one of the electrodes; a third 
step of pressing the part of the conductive wire remaining on 
the one of the electrodes, to form a bump having a head 
portion and a base portion; and, a fourth step of bonding a 
lead to the bump; wherein a distance D between an upper 
surface of the base portion of the bump and an upper surface 
of the head portion is such that OcD^6 fan. 
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SEMICONDUCTOR DEVICE AND METHOD OF 
FABRICATION THEREOF, CIRCUIT BOARD, AND 
ELECTRONIC EQUIPMENT 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of tbe Invention 

[0002] This invention relates to a semiconductor device 
and a method of fabrication thereof, as well as a circuit board 
and electronic equipment. 

[0003] 2. Description of Related Art 

[0004] Methods are known of forming a bump on an 
electrode of a semiconductor chip, using wire bonding 
techniques. Japanese Patent Application Laid-Open No. 
57-163919, for example, discloses a method of creating a 
bump by using a capillary tube to bond a wire to an 
electrode, then forming a bump by tearing off tbe wire so 
that a fragment of tbe wire remains on tbe electrode. This 
method makes it possible to form a bump rapidly, in 
comparison with the method in which plating is accumu- 
lated. 

[0005] However, it is not possible to guarantee that a bump 
formed by tearing off a wire has a sufficiently flat upper 
surface. This causes no problems when semiconductor chip 
are bonded face-down to a substrate, but it does cause 
problems in that connection accuracy deteriorates when a 
lead is bonded to tbe bump. In other words, an upper surface 
of the bump is jagged or has very little surface area that is 
flat, and thus insufficient surface area thereof is in contact 
with the lead and thus the lead may separate from the bump. 

SUMMARY OF THE INVENTION 

[0006] This invention was devised to solve tbe above 
problem and has as an objective thereof tbe provision of a 
semiconductor device having a bump which can be formed 
easily and which can also be connected in a suitable manner 
to a lead, a method of fabricating such a semiconductor 
device, a circuit board, and electronic equipment 

[0007] (1) According to a first aspect of the present 
invention, there is provided a method of fabricating a 
semiconductor device, comprising: 

[0008] a first step of bonding a conductive wire to 
any one of a plurality of electrodes of a semicon- 
ductor chip; 

[0009] a second step of tearing off the bonded con- 
ductive wire in such a manner that a part of the 
conductive wire remains on the one of the electrodes; 

[0010] a third step of pressing tbe part of the con- 
ductive wire that remains on the one of the elec- 
trodes, to form a bump comprising a base portion in 
contact with the one of tbe electrodes and a head 
portion of a width that is less than the width of tbe 
base portion; and 

[00U] a fourth step of bonding the bump and a lead; 

[0012] wherein a distance D between an upper sur- 
face of the base portion of tbe bump and an upper 
surface of the head portion of the bump is set in tbe 
third step in such a manner that: 0<D^6 /dm. 



[0013] With this aspect of the invention, a bump can be 
formed simply by bonding a conductive wire to an electrode, 
tearing off it to leave a part thereof on the electrode, and then 
pressing and cfeforming that part These steps take less time 
in comparison with the steps required for forming the bump 
by plating. In addition, the distance D between the upper 
surface of the base portion of the bump and the upper surface 
of tbe head portion thereof is set to be such that 0<D^6/on. 
In this case, the condition that D is not equal to zero means 
that it is not necessary to press tbe remaining part of tbe 
conductive wire on the electrode so strongly that tbe head 
portion disappears. This means that the shock imparted to 
the semiconductor chip when the remaining part of tbe 
conductive wire is pressed can be reduced. The condition 
that D is less than or equal to 6 fun means that the quality 
of the bonding of a lead can be kept constant, regardless of 
the width of the bead portion of tbe bump. This enables 
connection of tbe lead with a good positional accuracy. 

[0014] (2) In this method of fabricating a semiconductor 
device, a width A of die base portion of the bump, a width 
B of the head portion of the bump, and a width C of the lead 
may be in a relationship such that: C>(A-B)/2. 

[0015] (3) In this method of fabricating a semiconductor 
device, tbe first and second steps may be repeated before tbe 
third step, to provide parts of conductive wires on the 
plurality of electrodes; and the parts of the conductive wires 
re maining on tbe plurality of electrodes may be simulta- 
neously pressed in the third step, to form a plurality of 
bumps simultaneously. 

[0016] Since a plurality of bumps are simultaneously 
formed, the process can be shortened. 

[0017] (4) In this method of fabricating a semiconductor 
device, the lead may protrude into an opening formed in a 
substrate; and tbe bump may be disposed within tbe opening 
such that tbe lead is bonded to the bump within the opening 
in the fourth step. 

[0018] (5) In this method of fabricating a semiconductor 
device, tbe lead maybe formed on a substrate; and tbe bump 
may be arranged to face the lead on the substrate for the 
face-down bonding of the semiconductor chip in tbe fourth 
step. 

[0019] (6) In this method of fabricating a semiconductor 
device, the bump may be bonded to the lead in the fourth 
step by an anisotropic conductive material formed of con- 
ductive particles dispersed within an adhesive. 

[0020] (7) According to a second aspect of the present 
invention, there is provided a semiconductor device com- 
prising: 

[0021] a semiconductor chip having a plurality of 
electrodes; 

[0022] a bump which is formed on each of the 
electrodes and has a base portion in contact with one 
of the electrodes and a head portion of a width 
smaller than the width of tbe base portion; 

[0023] a lead bonded to the bump; and 

[0024] a substrate on which the lead is formed; 

[0025] wherein a distance D between an upper sur- 
face of tbe base portion of the bump and an upper 
surface of tbe head portion of the bump is such that: 
0<D^6/an. 
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[0026] With tins aspect of the invention, the lead is bonded 
to a head portion that has a width less than that of a base 
portion of the bump. In this case, the condition that D is less 
than or equal to 6 fan means that the quality of the bonding 
of a lead can be kept constant, regardless of the width of the 
head portion of the bump. This enables connection of the 
lead with a good positional accuracy. 

[0027] (8) In this semiconductor device, a width A of the 
base portion of the bump, a width B of the head portion of 
the bump, and a width C of the lead may be in a relationship 
such that C><A-By2. 

[0028] (9) In this sernkonductor device, the substrate may 
have an opening, the lead may protrude into the opening in 
the substrate, and the bump may be bonded to the lead within 
the opening. 

[0029] (10) In this semiconductor device, the lead may be 
formed on a substrate, and the bump may be arranged to face 
the lead on the substrate for the face-down bonding of the 
semiconductor chip. 

[0090] (11) In this semiconductor device, the bump may 
be bonded to the lead by an anisotropic conductive material 
formed of conductive particles dispersed within an adhesive. 

[0031] (12) According to a third aspect of the present 
invention, there is provided a circuit board on which is 
mounted the above described semiconductor device. 

[0032] (13) According to a fourth aspect of the present 
invention, there is provided electronic equipment having the 
above described sernkonductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIGS. 1A to 1C illustrate a step of bonding a 
conductive wire in accordance with a first embodiment of 
this invention; 

[0034] FIGS. 2A and 2B illustrate a method of forming a 
bump in accordance with the first embodiment of this 
invention; 

[0035] FIG. 3 is an enlarged view of the bump in accor- 
dance with the first embodiment of this invention; 

[0036] FIGS. 4A and 4B show a step of bonding a lead in 
accordance with the first embodiment of this invention; 

[0037] FIG. 5 shows the relationship between the lead and 
bump in accordance with the first embodiment of this 
invention; 

[0038] FIG. 6 shows a semiconductor device in accor- 
dance with the first embodiment of this invention; 

[0039] FIG. 7 shows a semiconductor device in accor- 
dance with a second embodiment of this invention; 

[0040] FIG. 8 shows a semiconductor device in accor- 
dance with a third embodiment of this invention; 

[0041] FIG. 9 shows a circuit board in accordance with 
another embodiment of this invention; and 

[0042] FIG. 10 shows electronic equipment that is pro- 
vided with a semiconductor device which is fabricated using 
the method of this invention. 



DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0043] Preferred embodiments of this invention are 
described below with reference to the accompanying draw- 
ings. The method of fabricating a semiconductor device in 
accordance with this invention can be applied irrespective of 
the method used to connect a lead to a bump. Examples of 
the connection method used are tape automated bonding 
(TAB), flipnehrp bonding, face-down bonding including 
methods such as chip-on-film (COF) or chip-on-glass 
(COG) bonding, and bonding using an anisotropic conduc- 
tive material 

[0044] The package of a semiconductor device in accor- 
dance with this invention could be any package that employs 
a ball grid array (BGA) including a tape ball grid array 
(T-BGA), a chip size/scale package (CSP) including a tape 
chip size/scale package (TCSP), or a tape carrier package 
(TCP) that has been packaged after using TAB connection 
techniques. Of these, the most suitable method for the 
application of this invention is one in which leads protrude 
as free ends from a tape, such as T-BGA or TCP, and the 
connection method uses a tool 

[0045] First Embodiment 

[0046] FIGS. 1A to 6 are views for illustrating a first 
embodiment to which this invention is applied. In this 
method of fabricating a semiconductor device in accordance 
with this ernbodiment, the TAB technique is used. In addi- 
tion, the semiconductor device to which a T-BGA package 
is applied is fabricated. 

[0047] A step of forming a bump on an electrode of the 
semiconductor chip is shown in FIGS. 1A to 2B. First of all, 
a semiconductor chip 10 is provided, on which is formed one 
or a plurality of electrodes 12, as shown in FIG. 1A. Each 
electrode 12 is normally formed of a material such as 
aluminum, in a flat and thin shape on a surface of the 
semiconductor chip 10 on which active elements are formed. 
The shape of the side surfaces or cross-sectional surfaces 
thereof are not specifically limited if the electrode does not 
have a shape of a bump. The top surface of the electrode may 
be at the same height as the top surface of the se miconductor 
chip 10. The shape of a flat surface of the electrode 12 is also 
not specifically limited, so that it can be either circular or 
rectangular. 

[0048] A capillary tube 14 is disposed on the side of the 
semiconductor chip 10 on which the electrode 12 is formed. 
A conductive wire 16 is passed through the capillary tube 14. 
The conductive wire 16 would often be formed of a material 
such as gold, copper, or aluminum, but the material is not 
specifically restricted provided it is electrically conductive. 
A ball 17 is formed in the conductive wire 16 on the outer 
side of the capillary tube 14. The ball 17 is formed in the tip 
of the conductive wire 16 by a method such as the discharge 
of a high voltage by an electric torch, by way of example. 

[0049] The capillary tube 14 is disposed over one elec- 
trode 12 so that the ball 17 is disposed over that one 
electrode 12. A damper 18 opens, the capillary tube 14 is 
lowered, and the ball 17 is pressed against the electrode 12. 
An agency such as ultrasonic waves, beat, or the like is 
applied while the ball 17 is being pressed against the 
electrode 12 by the application of a constant pressure. Thus 
the conductive wire 16 is bonded to the electrode 12 as 
shown in FIG. IB. 
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[0050] Tbe damper 18 thea closes to bold the conductive 
wire 16, and tbe capillary tube 14 and tbe damper 18 are 
simultaneously raised, as shown in FIG. 1C. Tbe conductive 
wire 16 is thus torn off so that a portion thereof comprising 
tbe ball 17 remains on tbe electrode 12. If it is necessary to 
form bumps for a plurality of electrodes 12, tbe above steps 
can be repeated for each of this plurality of electrodes 12. 

[0051] Tbe part of the conductive wire 16 that remains on 
tbe electrode 12 can be regarded as a projection on the ball 
17, but an upper surface of this remaining part is often small 
and not flat. 

[0052] At this point, the step shown in FIGS. 2A and 2B 
is performed. In other words, the semiconductor chip 10, 
which has tbe part of tbe conductive wire 16 (comprising the 
ball 17) that has been bonded onto tbe electrode 12, is placed 
on a stand 201, and the part of the conductive wire 16 
(comprising the ball 17) is pressed and deformed by a 
pressing tool 22, as shown in FIG. 2B. It should be noted 
that, in this embodiment of tbe invention, the remaining 
parts of tbe conductive wires 16 on a plurality of tbe 
electrodes 12 can be pressed simultaneously, or one remain- 
ing part of the conductive wire 16 (comprising tbe ball 17) 
on each electrode 12 can be pressed in turn. 

[0053] In this manner; a bump 24 is formed on top of tbe 
electrode 12, as shown enlarged in FIG. 2B. Tbe bump 24 
is formed of a bead portion 26 and a base portion 28. The 
base portion 28 is a portion formed by pressing and deform- 
ing tbe ball 17, and is in contact with the electrode 12 over 
a surface area that is wider than that of tbe head portion 26. 
The head portion 26 is a portion formed by pressing and 
deforming the remaining part of the conductive wire 16 that 
has been torn off, and in plan view it appears to be smaller 
than the base portion 28. Tbe bead portion 26 has an upper 
surface that has been flattened by the pressing tool 22. 

[0054] An enlarged view of the bump 24 is shown in FIG. 
3. A distance D between tbe upper surface of the base portion 
28 of tbe bump 24 and the upper surface of the head portion 
26 of tbe bump 24 is such that 0<D^6/<m. In this case, the 
condition that D is not equal to zero means that it is not 
necessary to press the remaining part of the conductive wire 
16 on the electrode 12 so strongly that the bead portion 26 
disappears. This means that tbe shock imparted to the 
semiconductor chip 10 when the remaining part of the 
conductive wire 16 is pressed can be reduced. The condition 
that D is less than or equal to 6 f&n means that the quality 
of the bonding of a lead 32 (which will be described later) 
can be kept constant, regardless of the width (diameter) A of 
the base portion 28 and the width (diameter) B of the head 
portion 26. This will be made clear from experimental 
results that will be discussed later. 

[0055] The lead 32 is then bonded to the bump 24, as 
shown in FIGS. 4A and 4B. In other words, the semicon- 
ductor chip 10 is placed upon a stand 40, as shown in FIG. 
4 A, tbe lead 32 which is formed on a substrate 30 is placed 
thereupon, and a pressing tool 42 is disposed there above. 
Note that tbe stand 20 and tbe pressing tool 22 that were used 
for pressing the remaining part of the conductive wire 16 on 
the electrode 12 could also be used as tbe stand 40 and the 
pressing tool 42. 

[0056] The substrate 30 could be formed of either an 
organic or an inorganic material, or it could have a structure 



that is a composite thereof. A flexible substrate of a pory- 
imide resin could be cited as an example of the substrate 30 
formed of an organic material. A tape used in tbe TAB 
technique could be used as a flexible substrate. A ceramic or 
glass substrate could be cited as an example of tbe substrate 
30 formed of an inorganic material. A glass epoxy substrate 
could be cited as an example of a composite structure 
formed of organic and inorganic materials. 

[0057] An interconnecting pattern 34 is formed on the 
substrate 30. The interconnecting pattern 34 is formed on 
one surface of the substrate 30. An opening (device hole) 36 
is formed in the substrate 30, and one or a plurality of leads 
32 protrude into tbe opening 36. Each lead 32 is connected 
electrically to the interconnecting pattern 34. Note that the 
width C of each lead 32, in other words, the length parallel 
to the surface and perpendicular to tbe lengthwise direction 
of the lead 32, can be set as shown in FIG. 3 in such a 
manner that: &E~(A-B)/2. 

[0058] Tbe mus-configured substrate 30 is disposed with 
the lead 32 and the interconnecting pattern 34 thereof on the 
opposite side thereof from the semiconductor chip 10, as 
shown in FIG. 4A. The substrate 30 is disposed in such a 
manner that the bump 24 of the semiconductor chip 10 is 
positioned within the opening 36. In addition, tbe lead 32 
formed on the substrate 30 is positioned above the bump 24. 

[0059] The lead 32 is then bonded to the bump 24 by the 
pressing tool 42, as shown in FIG. 4B. More specifically, the 
lead 32 is bent by the pressing tool 42 and is pressed against 
the bump 24, then ultrasonic oscillation, heat or the like is 
applied thereto to connect tbe two components. Note that 
this connection causes the materials of the lead 32 and tbe 
bump 24 to melt, due to tbe oscillation or beat. In this case, 
if gold is used for the bump 24 and tin is coated over tbe 
surface of the lead 32 which is made of copper, gold-tin 
eutectics are formed. In this embodiment of the invention, 
gang-bonding in which a plurality of tbe leads 32 are bonded 
simultaneously is carried out, but single-point bonding could 
be performed instead. 

[0060] Note that if the substrate used has a structure such 
that the lead does not protrude into the opening, the lead is 
pressed onto the bump with the substrate therebetween. 

[0061] In this embodiment of tbe invention, the lead 32 is 
positioned on the opposite side from the semiconductor chip 
10 and the lead 32 is bent within the opening 36. If TCP or 
T-BGA is utilized, and the lead 32 protrudes into tbe opening 
36, the lead 32 bends, regardless of which side the lead 32 
is with respect to tbe semiconductor chip 10. Alternatively, 
if face-down bonding or flip-chip bonding is utilized, the 
lead 32 does not bend. 

[0062] The lead 32 could be bonded to the bump 24 in 
such a manner that the tip thereof protrudes beyond tbe 
bump 24, as shown in FIG. 5. Such a configuration makes 
it possible to guarantee a sufficiently wide contact surface 
area between the lead 32 and the bump 24, because the lead 
32 will traverse the upper surface of the head portion 26 of 
the bump 24 even if there is some error in the positioning of 
the lead 32 and the bump 24. 

[0063] The lead 32 of the semiconductor chip 10 can be 
bonded by tbe steps described above. 

[0064] This embodiment of tbe invention makes it pos- 
sible to bond the conductive wire 16 to the electrode 12, tear 
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off the conductive wire 16 so that a part thereof remains on 
the electrode 12, then form the bump 24 by simply pressing 
that part to flatten the upper surface thereof. These steps take 
less time in comparison with the steps required for forming 
the bump by plating. In addition, the upper surface of the 
bump 24 is flattened by pressing, and also the width of the 
lead 32 is less than the width of the upper surface of the 
bump 24, ensuring a good connection even if the position of 
the bump 24 is displaced slightly. 

[0665] A semiconductor device such as that shown in 
FIG. 6 is obtained by the steps known in the art The 
semiconductor device shown in FIG. 6 is one wherein a 
BGA package is utilized. In other words, the semiconductor 
device shown in this figure comprises the substrate 30, the 
mtercoiinecting pattern 34 formed on the substrate 30, a 
plurality of external electrodes 50 provided in the intercon- 
necting pattern 34, and the semiconductor chip 10, and 
surfacc-irjounting is enabled by the presence of the external 
electrodes 50. 

[0066] The external electrodes 50 are solder balls, by way 
of example, that are connected electrically to electrodes 12 
of the semiconductor chip 10 by the leads 32 that are 
connected electrically to the interconnecting pattern 34. 
Note that the external electrodes 50 could equally well be 
formed of a material other than solder, such as copper or the 
like. In addition, the surface of the substrate 30 on which the 
mtercorinecting pattern 34 is formed could be coated with a 
solder resist 52, avoiding the external electrodes 50. The 
solder resist 52 is intended to cover and protect the inter- 
connecting pattern 34 in particular. 

[0067] If a flexible substrate is used as the substrate 30, a 
plate-shaped stiffener 54 is provided on the side thereof 
opposite to the external electrodes 50. The stiffener 54 is 
formed of a material such as copper, stainless steel, or a 
copper alloy, has a strength sufficient to preserve the flat 
surface shape thereof, and is affixed on top of the substrate 
30 by an insulating adhesive 56. Note that this insulating 
adhesive 56 is formed of a thermosetting or thermoplastic 
film. The stiffener 54 is affixed over the entirety of the 
substrate 30, avoiding the semiconductor chip 10. This 
prevents distortion or warping of the substrate 30, improves 
planarity by keeping the height of the external electrodes 50 
constant, and improves the mounting yield onto circuit 
boards. 

[0068] In addition, a radiator plate 60 is attached by a 
thermally conductive adhesive 58, such as silver paste, to the 
side of the semiconductor chip 10 opposite to the surface on 
which the electrodes 12 are formed. This makes it possible 
to increase the radiation capabilities of the semiconductor 
chip 10. The radiator plate 60 is formed to be larger than the 
semiconductor chip 10 and is attached also over the stiff- 
eners 54. Note that the space between the stiffeners 54 and 
the radiator plate 60 is filled with the thermally conductive 
adhesive 58, to make a hermetic seal. Depending on the 
amount of heat generated by the semiconductor chip 10, the 
thermally conductive adhesive 58 could be replaced by an 
ordinary insulating adhesive or the previously described 
insulating film. 

[0069] The space between the semiconductor chip 10 and 
the substrate 30 is sealed by potting with an epoxy resin 62. 
Thisepoxy resin 62 also enters the opening 36 and surrounds 
the outer periphery of the semiconductor chip I 0. 



[0070] Second Embodiment 

[0071] A semiconductor device in accordance with a sec- 
ond embodiment of this invention is shown in FIG. 7. The 
semiconductor chip 10 on which are formed the electrodes 
12 is also used in this embodiment, and the bumps 24 are 
formed on the electrodes 12. The structure and method of 
formation of these bumps 24 are as already described with 
reference to the first embodiment 

[0072] A lead 102 is formed on a substrate 100. The 
material of the substrate 100 can be selected from those 
materials that can be used for the substrate 30 of the first 
embodiment. A three-layer substrate wherein the lead 102 is 
affixed by an adhesive 104 could also be used as the 
substrate 100. Alternatively, the lead could be formed by 
sputtering an electrically conductive film of copper or the 
like onto a substrate, then etching it. In such a case, the lead 
is formed directly on the substrate to form a two-layer 
substrate with do adhesive therebetween. Further alterna- 
tively, an additive process could be used to form the lead by 
plating. Even further alternatively, a built-up multi-layer 
substrate configured of layers of insnlaring resin and inter- 
connecting pattern on a substrate, or a multi-layer substrate 
configured of layers of a plurality of substrates could be used 
therefor. 

[0073] The semiconductor chip 10 is bonded by either 
face-down bonding or flip-chip bonding onto the substrate 
100. In other words, the bump 24 is placed in contact with 
the lead 102, then beat and pressure is applied thereto by a 
tool that is not shown in the figure. The bump 24 and the lead 
102 are metal-connected thereby. 

[0074] This embodiment comprises the same bump 24 as 
that of the first embodiment, and the same effects can be 
achieved thereby. 

[0075] Third Embodiment 

[0076] A semiconductor device in accordance with a third 
embodiment of this invention is shown in FIG. 8. The 
semiconductor chip 10 on which are formed the electrodes 
12 is also used in this embodiment, and the bumps 24 are 
formed on the electrodes 12. The structure and method of 
formation of these bumps 24 are as already described with 
reference to the first embodiment. The substrate 100 and the 
lead 102 are as already described with reference to the 
second embodiment 

[0077] The semiconductor chip 10 is bonded by either 
face-down bonding or flip-chip bonding onto the substrate 
100, with an anisotropic conductive material U0 therebe- 
tween. The anisotropic coriducnve material 110 comprises 
conductive particles (electrically conductive filler) dispersed 
in an adhesive (binder), so a dispersive agent could also be 
added thereto. The anisotropic conductive material 110 
could be formed beforehand as a sheet that is affixed to at 
least one of the substrate 100 and the semiconductor chip 10, 
or it could equally well be provided as a liquid. Note that a 
thermosetting adhesive could be used as the adhesive of the 
anisotropic conductive material 110. The anisotropic con- 
ductive material U0 is provided over at least a bonding 
portion of the lead 102 corresporjding to the bump 24. 
Alternatively, providing the anisotropic conductive material 
110 so as to cover the entire substrate 100 will make it 
possible to facilitate that step. 
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[0078] The anisotropic conductive material HO is com- 
pressed between the bump 24 and the lead 102, and thus 
provides an electrical conduction therebetween by means of 
the conductive particles. The adhesive is then hardened to 
ensure the electrical conduction. If the adhesive is a ther- 
mosetting resin, it is hardened by the application of heat 

[0079] This embodiment comprises the same bump 24 as 
that of the first embodiment, and the same effects can be 
achieved thereby. 

[0080] A circuit board 1000 on which is mounted a 
semiconductor device 1100 to which the present invention is 
applied is shown in FIG. 9. It is usual to employ an organic 
substrate such as a glass epoxy substrate as this circuit 
board. An interconnecting pattern is formed of a material 
such as copper on the circuit board to create desired circuits, 
and the design is such that this interconnecting pattern is 
connected electrically to external electrodes of the semicon- 
ductor device by a mechanical connection. 

[0081] A notebook computer 1200 that is an example of 
electronic equipment provided with this circuit board 1000 
is shown in FIG. 10. 

[0082] Note that in the above described structural compo- 
nents of the present invention, "semiconductor chip" may be 
replaced by "electronic chip**, and bumps can be formed on 
electrodes of such electronic chip (whether an active ele- 
ment or a passive element) in a similar manner to that of a 
semiconductor chip. Examples of electronic components 
configured of such electronic chips include resistors, capaci- 
tors, coils, oscillators, filters, temperature sensors, ther- 
mistors, varistors, variable potentiometers, and fuses. 

[0083] Experimental Results 

[0084] The description now turns to the results of experi- 
ments performed on the bonding between a lead and a bump. 
These experiments involved varying the shape of the bump 
24 shown in FIG. 3, bonding the resultant bump to the lead 
32, and investigating whether or not bonding defects 
occurred. More specifically, the width A of the base portion 
28 of the bump 24 was set to 60 /an; the width B of the head 
portion 26 was set to 30,40, and 50 /an; and in each case the 
distance D between the upper surface of the base portion 28 
and the upper surface of the bead portion 26 was set to each 
of 2, 6, and 10 /on. The results of these experiments were as 
shown below. 

TABLE 1 



A: 60 jm 
B: 30, 40, 50 /m 
C40jmi 

B/A D F/g%) 

(*) (jax) 10 15 20 25 30 



50 10 x x x x X 

6 o o x x X 

2 o o o o X 

67 10 o x x x X 

6 o o x x X 

2 o o o o X 

83 10 o o x x X 

6 o o x x X 

2 o o o o X 



[0085] In this table, F is the length by which the lead 32 
bonded to the bump 24 extends beyond the base portion 28, 
as shown in FIG. 3. The ratio F/C is the ratio (%) by which 
the lead 32 extends beyond the base portion. When F/C is 
each of 10, 15, 20, 25, and 30 the total absence of bonding 
defects is indicated by o, whereas the presence of even one 
bonding defect is indicated by x. Note that errors in the 
bonding position of the lead 32 are determined by the 
accuracy of the bonding equipment, so the experiments were 
all performed by using bonding equipment of the same 
accuracy. This meant that the probability of protrusion of the 
lead 32 beyond the base portion was the same under all 
conditions. 

[0086] When B-30 /an, B/A-50%. When D-10 in that 
case, bonding defects were observed when F/C was 10, 15, 
20, 25, or 30. When D-6, bonding defects were observed 
when F/C was 20, 25, or 30, but no bonding defects were 
observed when F/C was 10 or 15. Similarly, when D-2, 
bonding defects were observed when F/C was 30, but no 
bonding defects were observed when F/C was 10, 15, 20, or 
25. 

[0087] When B-40 /an, B/A-67%. When D-10 in that 
case, bonding defects were observed when F/C was 15, 20, 
25, or 30, but no bonding defects were observed when F/C 
was 10. When D-6, bonding defects were observed when 
F/C was 20, 25, or 30, but no bonding defects were observed 
when F/C was 10 or 15. Similarly, when D-2, bonding 
defects were observed when F/C was 30, but no bonding 
defects were observed when F/C was 10, 15, 20, or 25. 

[0088] When B-50 /an, B/A-83%. When D-10 in that 
case, bonding defects were observed when F/C was 20, 25, 
or 30, but no bonding defects were observed when F/C was 
10 or 15. When D-6, bonding defects were observed when 
F/C was 20, 25, or 30, but no bonding defects were observed 
when F/C was 10 or 15. Similarly, when D-2, bonding 
defects were observed when F/C was 30, but no bonding 
defects were observed when F/C was 10, 15, 20, or 25. 

[0089] It can be seen from the above results that, the 
quality of the bond between the lead and the bump was 
always the same when D=6 /on, regardless of the value of 
B/A, in other words, regardless of the magnitude of B if A 
is constant. 

[0090] It is therefore possible to perform bonding of the 
lead to the bump with good accuracy by setting D^6 /an. 

What is claimed is: 

1. A method of fabricating a semiconductor device, com- 
prising: 

a first step of bonding a conductive wire to any one of a 
plurality of electrodes of a semiconductor chip; 

a second step of tearing off the bonded conductive wire in 
such a manner that a part of the conductive wire 
remains on the one of the electrodes; 



a third step of pressing the part of the conductive wire that 
remains on the one of the electrodes, to form a bump 
comprising a base portion in contact with the one of the 
electrodes and a head portion of a width that is less than 
the width of the base portion; and 

a fourth step of bonding the bump and a lead; 
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wherein a distance D between an upper surface of the base 
portion of the bump and an upper surface of the head 
portion of the bump is set in the third step in such a 
manner that: 0 <D^6 /on. 

2. The method of fabricating a semiconductor device as 
defined in claim 1, 

wherein a width A of the base portion of the bump, a width 
B of the bead portion of the bump, and a width C of the 
lead are in a relationship such that: C>{A-B)/2. 

3. The method of fabricating a semiconductor device as 
defined in claim 1, 

wherein the first and second steps are repeated before the 
third step, to provide parts of conductive wires on the 
plurality of electrodes; and 

wherein the parts of the conductive wires remaining on 
the plurality of electrodes are simultaneously pressed in 
the third step, to form a plurality of bumps simulta- 
neously. 

4. The method of fabricating a semiconductor device as 
defined in claim 2, 

wherein the first and second steps are repeated before the 
third step, to provide parts of conductive wires on the 
plurality of electrodes; and 

wherein the parts of the conductive wires remaining on 
the plurality of electrodes are simultaneously pressed in 
the mird step, to form a plurality of bumps simulta- 
neously. 

5. The method of fabricating a semiconductor device as 
defined in claim 1, 

wherein the lead protrudes into an opening formed in a 
substrate; and 

wherein the bump is disposed within the opening such 
that the lead is bonded to the bump within the opening 
in the fourth step. 

6. The method of fabricating a semiconductor device as 
defined in claim 2, 

wherein the lead protrudes into an opening formed in a 
substrate; and 

wherein the bump is disposed within the opening such 
that the lead is bonded to the bump within the opening 
in the fourth step. 

7. The method of fabricating a semiconductor device as 
defined in claim 3, 

wherein the lead protrudes into an opening formed in a 
substrate; and 

wherein the bump is disposed within the opening such 
that the lead is bonded to the bump within the opening 
in the fourth step. 

8. The method of fabricating a semiconductor device as 
defined in claim 4, 

wherein the lead protrudes into an opening formed in a 
substrate; and 

wherein the bump is disposed within the opening such 
that the lead is bonded to the bump within the opening 
in the fourth step. 

9. The method of fabricating a semiconductor device as 
defined in claim 1, 



wherein the lead is formed on a substrate; and 

wherein the bump is arranged to face the lead on the 
substrate for the face-down bonding of the semicon- 
ductor chip in the fourth step. 

10. The method of fabricating a semiconductor device as 
defined in claim 2, 

wherein the lead is formed on a substrate; and 

wherein the bump is arranged to face the lead on the 
substrate for the face-down bonding of the semicon- 
ductor chip in the fourth step. 
U. The method of fabricating a semiconductor device as 
defined in claim 3, 

wherein the lead is formed on a substrate; and 

wherein the bump is arranged to face the lead on the 
substrate for the face-down bonding of the semicon- 
ductor chip in the fourth step. 

12. The method of fabricating a semiconductor device as 
defined in claim 4, 

wherein the lead is formed on a substrate; and 

wherein the bump is arranged to face the lead on the 
substrate for the face-down bonding of the semicon- 
ductor chip in the fourth step. 

13. The method of fabricating a semiconductor device as 
defined in claim 9, 

wherein the bump is bonded to the lead in the fourth step 
by an anisotropic conductive material formed of con- 
ductive particles dispersed within an adhesive. 

14. A semiconductor device comprising: 

a semiconductor chip having a plurality of electrodes; 

a bump which is formed on each of the electrodes and has 
a base portion in contact with one of the electrodes and 
a head portion of a width smaller than the width of the 
base portion; 

a lead bonded to the bump; and 

a substrate on which the lead is formed; 

wherein a distance D between an upper surface of the base 
portion of the bump and an upper surface of the bead 
portion of the bump is such that: 0<D^6 fan. 

15. The serniconductor device as defined in claim 14, 

wherein a width Aof the base portion of the bump, a width 
B of the head portion of the bump, and a width C of the 
lead are in a relationship such that: C>(A-B)/2. 

16. The semiconductor device as defined in claim 14, 

wherein the substrate has an opening; 

wherein the lead protrudes into the opening in the sub- 
strate; and 

wherein the bump is bonded to the lead within the 
opening, 

17. The semiconductor device as defined in claim 14, 
wherein the lead is formed on a substrate; and 
wherein the bump is arranged to face the lead on the 
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